Introduction High-fidelity team-based simulation has been identified as an effective way of teaching and evaluating both technical and nontechnical skills. Several studies have described the benefits of this modality in a variety of acute care settings, but a lack of standardized methodologies has resulted in heterogeneous findings. Few studies have characterized high fidelity simulation across a broad range of acute care settings and integrated the latest evidence on its educational and patient impact. Methods The MEDLINE, EMBASE, Cochrane Library, and PsycINFO databases were searched for empirical studies from the last 10 years, investigating high fidelity teambased simulation in surgical, trauma, and critical care training curricula.
has facilitated several acute care team-based training programs and subsequently a growing body of research on their effectiveness. However, without standardized intervention and evaluation methodologies, the heterogeneity of these studies necessitates systematic analysis.
Previous reviews of the literature on simulation in acute care settings have focused on specific learning objectives, participant populations, or clinical environments within acute care. A review by Boling and Hardin-Pierce integrated research specifically on knowledge and confidence following high-fidelity simulation in critical care training. 5 In another review, Tan et al analyzed multidisciplinary team simulation specifically in the operating room. 9 Warren et al reviewed the effectiveness of simulation on satisfaction and learning outcomes in nurse practitioner programs. 10 Other reviews have separated their analysis by technical versus nontechnical skills. Gjerra et al and Lewis et al reviewed the impact of team-based simulation on nontechnical skills specifically.
3,4
A comprehensive analysis that appropriately reflects the breadth of participant populations, types of skills assessed, and scope of acute care settings is therefore necessary. The purpose of this review was to synthesize the best available evidence on the utilization of high-fidelity teambased simulation in a broad scope of acute care settings. The goal was to explore the full scope of application of this modality to surgical, trauma, and critical care training curricula, to compare intervention and evaluation characteristics by acute care setting, and to integrate existing evidence from the last 10 years on actual patient outcomes. The research questions were as follows:
(1) What is the scope of acute care settings in which highfidelity team-based simulation is being utilized, and how do the characteristics of these simulations differ by setting? (2) How does in situ versus off site simulation study design compare in acute care team-based simulation training? (3) How does multidisciplinary team design impact the effectiveness of acute care team-based simulation training? (4) What translational progress has been made over the last 10 years in evaluating the impact of acute care simulation training on actual patient outcomes?
Methods

Search Strategy
An initial search of MEDLINE was conducted to identify index terms and keywords pertaining to "team-based simulation." An extensive second search using all identified index terms and keywords was then performed in the following databases: MEDLINE, EMBASE, Cochrane Library, and PsycINFO. Keywords included "simulation," "surgical procedures, operative," "general surgery," "trauma," and "critical care." Studies were limited to those in the English language with full text available. Due to the innovative and technologydriven nature of the subject, searches were limited to a 10-year period, including studies from January 1, 2008 to March 11, 2018 (date the search was performed). Finally, reference lists of all articles included thus far were searched for additional relevant citations. These articles were then imported to a reference management system for full-text review using pre-established inclusion and exclusion criteria (►Table 1). Since the objective of the search was to synthesize the available evidence regarding team-based simulation as a primary intervention, only empirical studies were included, and other types of studies, such as literature reviews or editorials, were excluded. A flow diagram illustrating the article selection process is included (►Fig. 1).
Assessment of Quality
The articles were then assessed by two independent reviewers, the first author (Sarah Armenia) and second author (Loka Thangamathesvaran), using the Critical Appraisal Skills Program (CASP) to standardize the assessment process.
11 CASP is a 10-question checklist used to evaluate research studies and offers a systematic way to critically evaluate methodology across independent reviewers. Screening reliability between the two reviewers was assessed using Cohen's kappa at the abstract and full-text levels. 12 Any discrepancies were resolved by discussion with other co-authors, and the final consensus was confirmed by the senior author (Aziz M. Merchant).
Data Synthesis
After thematic analysis, four distinct clinical environment subtypes were identified under the umbrella of acute care: emergency department/trauma bay, operating room, intensive care unit, and inpatient ad hoc resuscitation/code teams. Information for setting subtype categorization was found in either the objective, description of the study setting and participants, or the methodology for studies with in situ interventions. In studies that were conducted offsite, setting subtype information was found in the objective or the methodology (which included descriptions of the specific environment that the intervention was attempting to simulate). Two studies with in situ interventions did not simulate a fixed clinical environment for simulations and were therefore assigned to a separate category. These studies designed unannounced simulations that were triggered at various locations throughout the medical center resulting in the Team-Based Simulation in Acute Care Armenia et al. e137
formation of ad hoc teams sent to various inpatient settings. Studies categorized into these four acute care setting subtypes were then further characterized by distinguishing features of their simulated patient populations (i.e., pediatric trauma patients) or their study participants (i.e., military personnel deployed in Iraq) as seen in ►Fig. 2.
For each acute care setting, characteristics of the intervention and evaluation were tabulated systematically. Each intervention was characterized by using the simulation technology, whether it was conducted in situ or off site, and the scope of clinical scenario(s) simulated (►Table 2). Each evaluation was characterized by the type of skill Team-Based Simulation in Acute Care Armenia et al. e138 Team-Based Simulation in Acute Care Armenia et al. e139
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Results
Overview of the Included Studies
Seventeen studies met the inclusion criteria. The studies originated from four countries: the United States (n ¼ 14), Norway (n ¼ 1), England (n ¼ 1), and Germany (n ¼ 1). The types of journals covered a broad spectrum of disciplines: surgical education (n ¼ 5), surgery (n ¼ 2), endourology (n ¼ 1), pediatric cardiology (n ¼ 1), intensive and critical care nursing (n ¼ 1), intensive and critical care medicine (n ¼ 1), perinatology (n ¼ 1), pediatric critical care (n ¼ 1), simulation in healthcare (n ¼ 1), emergency medicine (n ¼ 1), trauma (n ¼ 1), and quality and safety (n ¼ 1). Journal quality was assessed using the SCImago Journal Rank (SJR Indicator), which is based on the number of citations received by a journal and the quality of the journals those citations came from. The studies were categorized into four acute care setting subtypes: emergency departments/trauma bays (n ¼ 6), operating rooms (n ¼ 4), intensive care units (n ¼ 5), and inpatient ad hoc resuscitation teams (n ¼ 2). Six studies assessed only technical skills, 1 study assessed only nontechnical skills, and 10 studies assessed both. Five of the studies used validated instruments for these assessments. Eleven studies implemented their simulations in situ, and six studies conducted the simulations in offsite simulation centers. Fifteen studies had multidisciplinary participants; one study consisted of only nurses; and one study consisted of only advanced practitioners. Evaluation was done at several Kirkpatrick levelsthe effect on learning (Level 2) was most frequently evaluated (13 of 17 studies) followed by the effect on reaction (Level 1), consisting of 9 of 17 studies. Team-Based Simulation in Acute Care Armenia et al. e141
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Characteristics of Emergency Department/Trauma Bay Simulations
Six studies developed training programs that simulated a crisis within the emergency department or trauma bay setting. [14] [15] [16] [17] [18] [19] 
Characteristics of Operating Room Simulations
Four studies developed training programs that simulated a crisis requiring operative care as part of the intervention. [20] [21] [22] [23] One study simulated an operative emergency occurring during active deployment in Iraq. 23 One study simulated an operative emergency on a Navy Shipboard as a part of pre-deployment training. 21 The remaining two studies developed interventions that simulated crises occurring during ongoing operations. 20, 22 One study simulated an intraoperative code during general surgery, 20 and another study simulated an intraoperative code during robotic surgery, while the robot was actively docked. 22 A summary of simulations in this setting is provided in ►Table 5. Three studies included a didactic and simulation component, while one study included only a simulation component. 20, 21, 23 One of the four studies evaluated the sustainability of the training after 5 months. 21 The operating room subgroup had the largest proportion of studies that assessed technical skills only (three of four studies). [20] [21] [22] The remaining study assessed both skillsets.
23
This emphasis on technical skills was reflected in the evaluations-all four studies used clinical checklists and times to task completion. Nontechnical skills were evaluated as part of a larger checklist in one study. 23 Evaluation was done at several Kirkpatrick levels -all four studies evaluated the effect of simulation on the learning level (Level 2), and two studies also evaluated the effect on the reaction level (Level 1). 20,23 A summary of evaluation characteristics can be found in ►Tables 3 and 4. One study addressed system-level issues-the simulation of resuscitation during robotic surgery prompted the formation of a flow diagram by a multidisciplinary team after the first simulation. 22 This flow diagram contributed to better outcomes in the second simulation.
Characteristics of Intensive Care Unit Simulations
Five studies developed training programs that simulated a crisis within intensive care units of various subspecialties. 27 Reed et al evaluated changes in behavior qualitatively and indirectly, associating a decrease in the number of full codes following simulation with an increased aptitude for managing decompensating patients earlier in the process. 27 One study addressed system-level issues and conducted corresponding quality improvement efforts throughout the simulation period. 27 A summary of evaluation characteristics can be found in ►Tables 3 and 4.
Characteristics of Inpatient Ad Hoc Resuscitation Team/Code Team Simulations
Two studies developed training programs to simulate crises that would trigger the response of hospital-wide ad hoc resuscitation teams/code teams to an inpatient unit.
29,30
One study simulated a pediatric cardiopulmonary arrest (CPA), 29 and the other study simulated an adult CPA. 30 A summary of simulations in this setting is provided in ►Table 5. One study evaluated only technical skills,
29
while the other study evaluated both. 30 The ad hoc resuscitation team subgroup had the highest proportion of high Kirkpatrick levels of evaluation, with both studies evaluating the effect of simulation on the behavior level (Level 3) and outcomes level (Level 4). In addition, the study by Andreatta et al was the only study included in this review that evaluated on all four Kirkpatrick levels. 29 Only four of seven studies in this review evaluated on the outcomes level (Level 4). Team-Based Simulation in Acute Care Armenia et al. e143
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Discussion In Situ Simulation versus Off Site Simulation Experiences
The majority (11 of 16 studies) developed in situ simulation programs rather than utilizing a designated simulation center. [17] [18] [19] [21] [22] [23] 25, [27] [28] [29] [30] Simulation in the real work setting has been identified as particularly valuable because it brings together all the elements of the care team and the environment. 30 In situ simulation therefore facilitates observation of the delivery of care as it happens, rather than how we speculate it may happen or as it should happen if didactic tools were to be followed precisely.
31
The value of in situ simulation was particularly well illustrated by studies seeking to identify system-level issues. Patterson et al acknowledged the role of in situ simulation in the training and evaluation of technical and nontechnical skills, but emphasized the unique ways in which the modality could be used to evaluate system competence and identify latent conditions that predispose to medical error. 18 This can be explained by the inherent overlap of in situ simulation and system-level evaluation in examining the conditions under which individuals work to build defenses and to avert or mitigate errors. 32 These authors conducted recurring in situ simulations to discover safety threats and system issues in this environment. The simulations served not only as a way to identify these issues but also as means of experiential learning that amplified the ability improve clinical processes. The authors noted that the in situ simulations prompted the identification of a latent threat in almost every simulation performed. They contrasted this rate of identification to that observed in the laboratory setting and attributed the difference to a more time-pressured environment and ability to test the actual clinical care system, including equipment, processes, and staff response. Beyond technical skills, Patterson et al noted that in situ simulation provided a means to continuously reinforce nontechnical skills (such as communication and teamwork skills).
The Multidisciplinary Evolution of Teamwork Training
The literature on simulation in healthcare has gradually evolved from evaluations of individuals to evaluations of teams. [33] [34] [35] [36] [37] A similar progression occurred as early studies assessing specific skills performed by individuals were followed by studies evaluating nontechnical skills and teamwork. As the emphasis on teamwork increased, the value of incorporating team members from multiple disciplines in simulation activities became evident. In a review of highfidelity simulation in critical care training by Boling and Hardin-Pierce, only 3 of 17 included articles were categorized as having a "mixed" population, in comparison to the remaining 14 articles with homogeneous populations of either nurses or physicians. 5 However, the importance of multidisciplinary teamwork is now better reflected in the participants of simulation literature, as illustrated by 14 of 16 included articles in this review assessing teams of multidisciplinary participants.
Some studies adopted a multidisciplinary approach at the earliest possible stages of their intervention, consulting with multiple stakeholders of the clinical team to refine the learning objectives and simulated scenarios. Barbeito et al conducted several interviews with residents, intensive care unit staff, members of their critical care committee and hospital leadership, critical care unit nurses and nursing aids, and other personnel. 30 This direct involvement across disciplines was of great benefit to the goals of the study, as participants were invested in the process of organizational change and felt encouraged to communicate system-level issues. The authors noted that some of the issues identified in debriefings were already well known to providers, and the program simply facilitated a formal way in which solutions could be implemented. For example, several experienced nurses had noticed occasional delays in establishing intravenous access during resuscitations. Protocols for the use of intraosseous devices were tested and refined during simulation and later implemented in actual codes.
Patterson et al also recognized the value of multidisciplinary training and discussion of social dynamics in the identification of latent safety threats at the system level.
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These entities were described as system-based threats to patient safety that can materialize at any time and are previously unrecognized by healthcare providers, unit directors, or hospital administration. 38 Many of these previously unrecognized issues were brought to the attention of physician staff by nursing staff and prompted multidisciplinary problem solving. This collaboration catalyzed a shift in culture that emphasized safety and broke down implicit authority gradients. This paradigm shift was tested systematically by the purposeful addition of "mistakes" in multiple domains to simulations. During debriefings, discussion centered around times when team members did not feel comfortable addressing these issues despite knowing mistakes were being performed. Several team members described feeling an authority gradient during resuscitations, and this issue was addressed from a multidisciplinary standpoint in the same manner as other latent safety threats. This study emphasizes the role of the debriefing process not only in skill-based improvement, but also in the acquisition of a shared mental model, one of the focal concepts of quality improvement efforts.
16,39
Recent studies have continued to address the gaps in previous training platforms by modifying the culture to emphasize teamwork and expanding the scope of participants to reflect the importance of multidisciplinary training. 18, 21 This paradigm shift is demonstrated by the structure and learning objectives of the Surgical Trauma Training Course (S2T2C). Team-Based Simulation in Acute Care Armenia et al. e148 realism. 40, 41 As multidisciplinary team training is better characterized in the literature, there is more discussion of simulation as an opportunity to discuss social dynamics, hierarchy, power relations, and other factors affecting interprofessional teamwork.
15,16,42,43
Evaluation of Effect on Patient Outcomes
The underlying motivation of the authors of each study in designing the simulation training programs was ultimately to improve patient outcomes. However, the majority of authors acknowledged that this goal was beyond the scope of their study objectives and/or would require substantially more statistical power to demonstrate. Aside from the four studies that attempted to evaluate patient outcomes, 15, 19, 29, 30 all authors ended with a discussion of ways in which future research could expand upon their findings to assess actual patient impact. Since only four studies attempted to correlate their findings with institutional patient outcomes, only these four studies were identified as Level 4 evaluations in accordance with Kirkpatrick's levels of evaluation in ►Table 3. 13 Two of these studies conducted simulations of the trauma bay, 15, 19 and the remaining two studies conducted simulations of inpatient codes requiring ad hoc resuscitation teams. 29, 30 Given the cost and administrative burden of developing simulation programs, these data are becoming increasingly important to support the experimental data already published. The studies that assessed patient outcomes used a variety of different outcome measures reflecting the unique clinical environment of each acute care setting. Some studies have drawn indirect conclusions by monitoring clinical parameters before, during, and/or after the simulation and comparing outcomes. Andreatta et al used institutional pediatric CPA survival rates as a metric for patient outcomes and compared these rates to matched national averages. 19, 29 The institutional survival rate also served as a proxy for the effectiveness of the intervention, as they compared these data longitudinally before and after the simulation program. At the beginning of the study (when only 10 "informal mock codes" had been run), the pediatric CPA rate was 33%. However, they observed a significant increase to 50% within 1 year, which also correlated temporally with increased frequency of mock codes when plotted. The authors also compared survival rates by the type of arrhythmia triggering the code and noted the improvements correlated with the times those rhythms were being simulated in mock code scenarios. This information was interpreted as evidence that the content being taught in the simulations was translating to improved patient outcomes. Steinemann et al also analyzed clinical process parameters, including time to completion and reporting of key elements of the primary trauma survey, focused abdominal ultrasound, times in and out of the ER, number and type of procedures performed, units of blood transfused, and delays to patient transfer. 19 Corresponding patient data were also recorded, such as gender, morbidity, mortality, and length of stay. While the authors observed significant improvements in mean teamwork scores and objective parameters, such as speed and completeness of resuscitation, no significant change was noted in global clinical endpoints, such as mortality, morbidity, or length of stay. The study therefore observed significant differences in Level 3 evaluations (translation of learning to clinical setting as illustrated by improved objective parameters), but did not observe significant differences in Level 4 evaluations (patient outcomes).
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Other studies assessed potential impact on patient outcomes more qualitatively by continuously evaluating the system-level effect of the simulation program.
15, 30 Barbeito et al achieved this by designing the intervention in a reiterative way to both identify system-level issues and to assess attempts at resolving these issues over time. 30 This facilitated an indirect assessment of patient outcomes through monitoring the consequences of process changes. For example, debriefings revealed inefficiency in the way samples were collected, and laboratory studies were ordered during mock codes. This issue was addressed by the creation of a standard set of laboratories ("code labs") that were then automatically ordered during codes. This process change was then introduced into actual codes, and a decreased incidence of laboratory order entry errors was observed after implementation of the new workflow. Capella et al reported a similar pattern of results in their Level 3 and Level 4 evaluations, although their experimental setup was different. 15 The authors observed significantly decreased times to task completion (times from arrival to computed tomography [CT] scanner, endotracheal intubation, and operating room), but patient outcome data were not significantly different between the two groups (intensive care unit length of stay, hospital length of stay, complication rate, and mortality rate). Both studies cited a small sample size as the principle reason for not observing significant differences in patient outcomes given the changes in objective parameters observed.
15,30
Critique of Current Evidence
There are very few randomized studies of simulation in team training, particularly in the acute care setting. Only one of the included articles in this review randomized participants. 25 Gundrosen et al randomized nurses that were being introduced to a new clinical guideline via either lecture-based or simulation-based teaching methods and evaluated the effect on non-technical skills. 25 Another common limitation of the current simulation literature is the lack of a control group. It is therefore challenging to rule out whether the effects seen were due to chance or characteristics specific to the participants in the intervention group. Some studies have attempted to address this by using a pre-and post-intervention design where the study group served as their own control. 20, 21 The S2T2C used a prospective observational study design where the participants served as their own controls. 21 Similarly, Acero et al used a "cold" simulation to evaluate participants' baseline knowledge and skills, later comparing these results to a "warm" simulation after formal training had been given. 20 Other groups have instead discussed why a static control and experimental arm is not feasible or desirable in the trauma setting, since in reality, trauma groups change composition dynamically. 17 As another alternative, some studies did not utilize control Very few studies evaluated whether the observed effects of the interventions were sustainable. Those studies that assessed sustainability had mixed findings. Miller et al conducted in situ simulations with the goal of improving teamwork and communication skills in the trauma setting. 17 The authors evaluated the effect of the simulations in several phases, including a "potential decay phase" in which sustainability was assessed after the simulation training had ended. All observed benefits had declined, and the authors concluded that, while an in situ simulation program can be effective in improving teamwork and communication in the clinical setting, these benefits are lost if the simulation program is not continued. Hoang et al evaluated technical and nontechnical skills in simulated combat via the S2T2C at different points in time. 21 In contrast, the authors observed improved teamwork and communication skills upon the completion of the S2T2C as well as after 5 months had passed. However, despite sustainment of significantly improved disposition times 5 months later, these times did increase, indicating the necessity of refresher courses to optimize training outcomes. Other studies evaluated sustainability indirectly, through clinical outcome measures assessed after the simulation period had ended. Sustainment was also assessed through longitudinal study design. 28 Assessing the impact of an embedded simulation team training program in a pediatric intensive care unit, Stocker et al observed a 6-to 12-month learning curve.
28
The authors concluded that repeated exposure to simulation is the most beneficial in crisis resource management training, and single, isolated exposure may not be sufficient. However, a limitation of this study was the use of participant self-reporting to assess effectiveness.
Need for Future Research
Although the quantity of simulation-based research has continued to increase steadily, the quality is highly variable, and further research is sorely needed. 44, 45 A major barrier to further implementation of simulation in acute care training is the associated cost. Very few studies provide information on the costs of initiating and running simulation programs, but this information is necessary for the justification of this investment in an era of tightening healthcare budgets. For example, Acero et al reported a cost of $3.8 million in the building of their institution's simulation center and an additional $1.5 million annually for associated operating expenses. 20 Other financial and administrative burdens requiring further investigation include the opportunity costs of removing participants from clinical duties and/or occupying clinical areas (especially operating rooms) for in situ simulations. Finally, as previously discussed, randomized studies with larger sample sizes and the statistical power to evaluate the impact of simulations on actual patient outcomes are necessary. Data illustrating statistically significant changes in patient outcomes, such as length of stay, would enable more sophisticated cost analyses exploring the utility of wider implementation of simulation programs. More research on the sustainability of these outcomes will also be necessary to model the future impact of these investments.
Study Limitations
This study is not without limitations. Although the search process was rigorous, it is still possible that some relevant studies were missed and therefore not included in this review. The predefined search strategy may have left out keywords that would have potentially captured additional relevant studies. For example, the use of the predefined terms "surgery," "trauma," and "critical care" and the subsequent application of predefined inclusion and exclusion criteria did not yield obstetrics and gynecology simulation research, although simulated acute care scenarios may be created in this context. In addition, the review synthesized a relatively small amount of studies that each had relatively small sample sizes. This potentially limits the strength and generalizability of conclusions and the accurate identification of themes. However, the number of studies included is comparable with integrative reviews of similar scope such as Boling̀and Hardin-Pierce (17 studies),
5
Gjerra et al (13 studies), 3 and Warren et al (10 studies).
10
Conclusions
High-fidelity team-based simulation is feasible in a wide variety of acute care settings, including emergency departments/trauma bays, operating rooms, intensive care units of multiple types, and inpatient ad hoc resuscitation teams. It is an effective means of training and/or evaluating multidisciplinary teams in both technical and nontechnical skills and has the capacity to facilitate organizational-and system-level change. It is also a way of involving the input of multiple stakeholders and can improve multidisciplinary teamwork. Studies over the last 10 years have been heterogeneous in both intervention and evaluation design, and there is still a paucity of validated instruments available for this context. However, a more standardized approach to team-based simulation is necessary to generate generalizable conclusions and to provide evidence-based guidance for future simulation planning. These conclusions could also enhance the role of low-and medium-fidelity team-based simulation in environments where high-fidelity simulation is not possible due to logistic or financial reasons. As our understanding of "psychological fidelity" improves, the elements most critical to developing multidisciplinary teamwork skills can be reproduced in lower fidelity simulations, such as task trainers, computer-based systems, and virtual reality systems. Finally, there are currently no studies that have demonstrated significant improvements in patient outcome metrics, such as mortality or length of stay. The impact on patient outcomes and the sustainability of simulation efforts are areas that warrant further research.
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